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ROBUST BURST DETECTION AND 
ACQUISITION SYSTEM AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to US. Provisional Patent 
Application No. 60/296,450, ?led on Jun. 8, 2001, entitled 
“ROBUST BURST DETECTION ACQUISITION SYS 
TEM AND METHOD,” to US. Provisional Patent Appli 
cation No. 60/296,445, ?led on Jun. 8, 2001, entitled 
“RECEIVER HAVING INTEGRATED SPECTRAL 
ANALYSIS CAPABILITY,” and is related to US. patent 
application Ser. No. 10/164,355, ?led on Jun. 7, 2002, 
entitled “RECEIVER HAVING INTEGRATED SPEC 
TRAL ANALYSIS CAPABILITY”, and US. patent appli 
cation Ser. No. 09/430,821, ?led on Oct. 29, 1999, entitled 
“BURST RECEIVER SYSTEM”, all of Which are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a burst demodulator for 
use in a high speed bidirectional digital transmission of 
voice, video, and data, and more particularly, to a robust 
TDMA burst receiver and a method for reliably detecting a 
preamble. 

2. Related Art 

Modern tWo-Way communication for cable television, 
hybrid ?ber/coax systems, Wireless local multipoint distri 
bution systems, and microWave multipoint distribution sys 
tems use time division multiple access (TDMA) to carry 
short burst transmissions in an upstream direction (return 
path) from multiple subscribers to a headend receiver. FIG. 
1 shoWs an example of a TDMA time slot. In general the 
return path transmission characteristics, poWer level, and the 
clock offset from each subscriber Will be different, thereby 
requiring the headend receiver to re-synchronize to each of 
the TDMA bursts. In order to minimize overhead time, it is 
desirable that the TDMA burst receiver be capable of 
reliably recognizing and synchronizing the preamble in as 
short a time as possible. 

Existing TDMA burst receivers recognize and synchro 
nize to a TDMA burst by correlating a preamble received at 
the beginning of the burst to an internal representation of the 
preamble stored in the TDMA burst receiver. A complication 
in the recognition and synchronization of the preamble is 
that a high poWer level of the TDMA burst transmission may 
cause the TDMA receiver to mistake a sidelobe peak of the 
autocorrelation of the preamble for the main peak. A further 
complication is that message data from the subscriber may 
have the same or nearly the same symbol pattern as the 
preamble. Yet a further complication is that narroWband 
noise or ingress may partially mask or emulate the TDMA 
burst transmission or be so large that its correlation to the 
preamble is as great as the main peak. A traditional solution 
to these complexities is to use a long preamble sequence of 
a feW hundred symbols or more. HoWever, such a long 
preamble sequence increases the time overhead of a system 
and is uneconomical for a system having data messages of 
less than a feW thousand symbols. 

Robust burst detection of high-order constellation modu 
lation formats (e.g., 256-QAM), in presence of large carrier 
frequency offset, large dynamic range, and severe channel 
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2 
impairments such as narroW-band interferers, poses serious 
challenges. A typical burst receiver may only deal With a 
subset of these issues. 

Accordingly, a need exists for robust burst detection using 
only minimum number of preamble symbols. 

SUMMARY OF THE INVENTION 

The present invention is directed to a robust burst detec 
tion and acquisition method and system in a burst commu 
nication system that substantially obviates one or more of 
the problems and disadvantages of the related art. 
One advantage of the present invention is being able to 

utilize relatively short preamble sequences for burst param 
eter estimation. 

Another advantage of the present invention is being able 
to use higher order QAM modulation schemes. 

Additional features and advantages of the invention Will 
be set forth in the description Which folloWs, and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention Will be realized and attained by the 
structure particularly pointed out in the Written description 
and claims hereof as Well as the appended draWings. 

To achieve these and other advantages and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, there is provided a method of parameter 
estimation in a shared channel communications system 
comprising the steps of receiving a preamble comprising 
?rst, second and third sequences corresponding to sequences 
having zero autocorrelation, performing a coarse carrier 
frequency estimate based on the ?rst sequence, and perform 
ing a ?ne carrier frequency estimate based on the second and 
third sequences. 

In another aspect of the present invention there is pro 
vided a method of ranging in a shared channel communi 
cations system comprising the steps of receiving a ranging 
preamble comprising a ?rst near-CAZAC sequence fol 
loWed by second and third sequences Whose derivatives 
correspond to CAZAC sequences, performing a coarse car 
rier frequency estimate based on the ?rst sequence, and 
performing a ?ne carrier frequency estimate based on the 
second and third sequences. 

In another aspect of the present invention there is pro 
vided a method of tracking data in a shared channel com 
munications system comprising the steps of receiving a 
ranging preamble, performing a coarse carrier frequency 
estimate based on the ranging preamble, performing a ?ne 
carrier frequency estimate based on the ranging preamble, 
estimating gain based on the ?ne carrier frequency estimate, 
receiving a burst including a burst preamble and data, and 
correcting the gain based on tracking the data. 

In another aspect of the present invention there is pro 
vided a method of receiving data in a shared channel 
communications system including the steps of receiving a 
burst including a preamble and data, performing a carrier 
frequency estimate and a gain estimate based on the pre 
amble, tracking the burst With an equalizer, adjusting the 
gain estimate based on at least a main tap coef?cient of the 
equalizer, Wherein the equalizer uses at least a portion of the 
data to derive the main tap coef?cient, and extracting 
symbols from the data. 

In another aspect of the present invention there is pro 
vided a system for ranging a receiver in a shared commu 
nications channel comprising a ?lter that receives a signal 
from the shared communications channel, the signal includ 
ing a ranging preamble that has a ?rst sequence Whose 
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derivative is a Zero autocorrelation sequence, and second 
and third sequences corresponding to a truncated ?rst 
sequence, and outputs Nyquist samples, a preamble proces 
sor/ranging subsystem that receives the Nyquist samples 
from the ?lter, provides a coarse carrier frequency estimate 
based on the ?rst sequence, and re?nes the coarse carrier 
frequency estimate based on the second and third sequences 
to provide a ?ne carrier frequency estimate, and a tracking 
subsystem that extracts data from the signal based on the ?ne 
carrier frequency estimate from the preamble processor/ 
ranging system. 

In another aspect of the present invention there is pro 
vided a system for parameter estimation in a shared channel 
communications system comprising means for receiving a 
preamble comprising a ?rst sequence corresponding to a 
sequence having Zero autocorrelation, and second and third 
sequences corresponding to a truncated ?rst sequence, 
means for performing a coarse carrier frequency estimate 
based on the ?rst sequence, and means for performing a ?ne 
carrier frequency estimate based on the second and third 
sequences. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute apart of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. In the 
draWings: 

FIG. 1 illustrates a typical TDMA time slot; 

FIG. 2 is a block diagram of an exemplary cable-based 
communications system; 

FIG. 3 is a diagram illustrating the head end architecture 
at a cable modem termination system (CMTS); 

FIG. 4 further illustrates the relationship betWeen com 
ponents at a head end of a cable modem termination system 

(CMTS) of FIG. 2; 
FIG. 5 illustrates a burst as a function of time; 

FIG. 6 is a block diagram illustrating a burst receiver of 
one embodiment of the present invention; 

FIG. 7 is a generaliZed block diagram illustrating recep 
tion of a signal including ingress noise; 

FIG. 8 is a generaliZed block diagram illustrating recep 
tion of a signal and its ?ltering; 

FIG. 9 illustrates an embodiment of the present invention 
in block diagram form; 

FIG. 10 shoWs a structure of the preamble correlator of 
one embodiment of the present invention; 

FIG. 11 illustrates a direct correlation vector using a 
CAZAC sequence; 

FIG. 12 illustrates a differential correlation vector using a 
CAZAC sequence; 

FIG. 13 illustrates a correlation vector for a preamble With 
four CAZAC-type sequences; and 

FIG. 14 illustrates a look up table for gain correction used 
in an embodiment of the present invention. 
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4 
DETAILED DESCRIPTION OF THE 

INVENTION 

Reference Will noW be made in detail to the embodiments 
of the present invention, examples of Which are illustrated in 
the accompanying draWings. 

This invention relates to a communication system Where 
many users are shared. In one embodiment, it relates to a 
time division multiple access (TDMA) communication sys 
tem. In a TDMA system such as a DOCSIS (Data-Over 
Cable Service Interface Speci?cations) based cable netWork 
in the upstream communication, one needs a burst receiver 
Which can detect packets from different subscribers. It Will 
be appreciated that the invention is also applicable to other 
modulation schemes, such as FDMA, CDMA or SCDMA, 
although the description that folloWs is primarily done in 
terms of TDMA. 

Typical thermal noise, as Well as other factors result in 
detector and symbol processor imperfections. If the only 
inaccuracies present in the system Were due to thermal noise, 
the signal-to-noise ratio of such a system Would be approxi 
mately 30 dB Which Would alloW the use of 256-QAM 
modulation. HoWever, practical systems normally operate at 
much loWer order QAM, for example 16-QAM, due to an 
inability to accurately estimate the relevant parameters. The 
parameters of primary interest are carrier frequency, carrier 
phase, gain, and symbol timing. Taking a real 16-QAM 
system as an example, carrier phase may be approximately 
20 MHZ. Carrier phase error of 5 degrees Would be notice 
able for 16-QAM modulation. 1A dB to 1/2 dB gain error is 
noticeable for 16-QAM, as Would 5*10% error of a symbol 
timing WindoW. With regard to symbol rate, for 5.12 mega 
symbols per second, a 1% error rate corresponds to 50 KHZ. 
Thus, if carrier frequency is off by 50 KHZ, the receiver Will 
begin to have problems distinguishing the symbols. Thus, 
any mechanism that alloWs for a more precise estimation of 
parameters alloWs for a system that performs much closer to 
the theoretical limit, alloWing in turn an increase in data rate 
transmission. 

Autocorrelation is a measure of the randomness of a 

signal. A CAZAC (constant amplitude Zero autocorrelation) 
sequence has a frequency spectrum comprised of constant 
amplitude components that extends over the entire band 
Width of the transmission channel. A large body of literature 
is generally available on the subject of CAZAC sequences. 
For background, the reader is generally referred to, for 
example, US. Pat. No. 4,089,061, as Well as to standard 
texts on digital communications and signal processing. 
BeloW is a brief summary of CAZAC sequence properties 
and derivation. 

CAZAC sequences may be derived from binary pseudo 
random sequences exhibiting a property P1. 

{ai} Will designate a binary pseudo-random sequence of 
period or length L: {ai}:{aL}:aO al a2 . . . aL_l, Where the 
elements al- are equal to :1. The autocorrelation matrix of 
this sequence is: 

A0 A1 AH 

A1 A0 AH 

ALil A0 

Where A8 is the g”’ coef?cient of the periodic autocorre 
lation function: 



US 

I 

W o 

for gIO, 1,. . .,(L—1). 
All sequences {ai} such that AOIL and Ag:1 for g:1, . . . , 

(L-l) are said to have the property P1. The binary pseudo 
random sequences that are known as maximum length 
binary pseudo-random sequences exhibit property P1. 

For example, for L:15, one obtains the sequence: 

000100110101111 (1) 

Replacing each 0 by —1, one obtains a sequence Which 
exhibits property P1: 

—1—1—11—1—111—11—11111 (2) 

Another family of periodic binary pseudo-random 
sequences exhibiting property P1 comprises all sequences 
Whose elements are determined by the quadratic and non 
quadratic residues of prime numbers of the 4K-1 form. 
These sequences have a length L de?ned as L:4K—1 Where 
L is a prime number and K a positive integer. For example, 
for L:11, the folloWing sequence is obtained: 

11-1111-1-1-11-1 (3) 

The CAZAC sequences may be obtained by adding an 
imaginary constant jO. to each of the elements al- of the 
sequences Which have the property P1. This constant is 
de?ned as 

1 (4) 

For example, in the case of sequence (2) of length L:15, 
(X:i0.2582. If a value of (X:i0.2582 is selected, sequence 

The sequence thus obtained Will be designated {ui} here 
after. The autocorrelation matrix of these sequences is: 

Where Ug is the gth coef?cient of the periodic autocorrelation 
function 

for gIO, 1, . . . , (L-l), and ul-*+g* is the complex conjugate 
of ui+g. 
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All sequences {u,} have the folloWing property P2: 
UO#0 and UgIO for g:1, . . . , (L-l). 
Subsequently, it Will further be assumed that UOIL Which 

can be obtained conventionally by dividing each element of 
sequence {ui} by a suitable factor. 

If the transmitted training sequences {ui} have the fol 
loWing property P3: 
UOIL and UgIO for g:1, . . . , (L-l). 
Such a sequence, Which has an autocorrelation function 

all the coef?cients of Which except the ?rst, U0, are Zero and 
all of elements are complex numbers having a constant 
amplitude, is also a CAZAC sequence. 

Another family of CAZAC sequences, as de?ned above, 
is comprised of sequences {ul} of length LIK2 de?ned as 
uZ-IWBY, Where 

[3,y:0, 1, . . . , (K-l) 

i:K[3+y:0, 1, . . . , (L-l), and 

W is a primitive Kth root of unity, e.g., W:exp(2js1:/K). 
The sequence can be obtained by using the elements in the 

successive roWs of the matrix (WBY). 
For example, for K:4, L:16, and W:exp(jrc/2), the matrix 

(WBY) is Written 

The folloWing sequence is obtained: 
11111j-111-j1-11-11-j-1j 
It should be noted that the elements of this sequence have 

a constant amplitude equal to 1 and can have four different 
phases. 

Another family of CAZAC sequences is comprised of all 
sequences {ul} of length LIodd integer, de?ned as 

Where iIO, . . . , (L-l), and W is a primitive Lth root of unity. 
For example, With L:3 and W:exp (j2s'c/3), the folloWing 

sequence is obtained: 
1, cos 2r|:/3+j sin 211/3, cos 2s'c/3+j sin 211/3. 
Another family of CAZAC sequences comprises the 

sequences {uL} of length L:m2K+1 de?ned as uiIaI5 
(modulo m) WBY, Where 

{am} is a CAZAC sequence of length m 

W is a primitive M’h root of unity. 
The sequence can be obtained by using the various 

elements in the successive roWs of the M><N matrix de?ned 
as (al5 (modulo m)) WBY. For example, for m:2 and kIl, one 
has L:23:8, m:22:4, n:2l:2, and W:exp jJ'E/2Ij. 

If {am}:1, j is selected as a CAZAC sequence of length 
m:2, the folloWing sequence results: 

1 1 j —1 1 —1 j 1 

A CAZAC sequence {ui}:{uL2,m} of length L:4m may be 
used Which is derived from tWo CAZAC sequences {a} and 
{bi} of length m. The sequence {uL:4m} is obtained by 
putting 

u2k:ak (modulo m) 
u2k+l:bk (modulo m) Wk 
for k:0,1, . . . , (2m-1), Where W is a primitive (2m)’h root 

of unity. 
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For example, from the CAZAC sequences of length m:4, 
{ai}:{bi}:1 1 1 —1, the following CAZAC sequence 
{ui}:{ul6} of length L:16 results: 

A 4-phase CAZAC sequence {cn} of length 16 symbols 
can be determined by 

A QPSK sequence corresponding to the above sequence 
is: 

1+j,1+j,1+j,1+j,1+j,—1+j,—1—j,1—j,1+j,—1j,1+j,—1—j, 

For notational purposes, if c0, c1 . . . cl5 refers to a 

CAZAC sequence {cl6}:0.5.*[1+j, 1+j, —1—j, 1+j, 1+j, 
—1+j, 1+j, 1-j, 1+j, —1—j, —1—j, —1—j, 1+j, 1-j ,1+j, —1+j] (a 
16 symbol CAZAC sequence), the sequence {dl7}:dl, d2 . . . 
dl6 Will refer to a sequence such that a discrete time 
derivative of{dl7}:{cl6}, i.e., {cm} is a derivative of{dl7}, 
Where the ?rst symbol dO:1+j is added to the sequence to 
enable the differentiation to result in a 16 symbol sequence 

(i.e., dOIdI): 

A corresponding 16 symbol differential sequence 
{d16}:0.5.*[1+j, 1+j, —1—j, —1—j, —1—j, 1-j, 1-j, —1—j, —1—j, 
1+j,—1—j,1+j,1+j,1—j,1—j,1+j]is a 16 symbol near {dn} 
and CAZAC sequence (i.e., With the symbol d0 of {dn} 
deleted)iin other Words, although {dl6} are not, strictly 
speaking, CAZAC, their properties are such that the receiver 
can detect it as if it Were CAZAC. {d16} may also be referred 
to as a truncated {dn} sequence (in this case, truncated by 
one symbol). 

Note also that {cm} represents the changes in {dn}. 
Conversely, again ignoring the distinction betWeen discrete 
and continuous functions {cl6}:d{dl7}/dn (n being the time 
variable). When dl- is unchanged in tWo successive symbols, 
cl. is 1+j. When dz. is inverted (180 degree change from one 
symbol to the next), cl- is —1—j. Whcn dl- rotatcs 90 degrees 
in one direction, cl. is 1-j. When dz. rotates 90 degrees in the 
other direction, cl- is —1+j. This means that {cm} is the 
differential decoding of {dl7}idecoding {dn} gives a 
CAZAC. Conversely, {dn} is the differential encoding of 
{cl6}4encoding a CAZAC gives a near-CAZAC. Note 
further that a CAZAC is a special case of a Zero autocor 

relation sequence. Since the signals are digital, the term 
“derivative” or “differentiation” here is used to refer to 
discrete operation, rather than continuous. Similarly, {dl6} 
represents an integral of a discrete function (sequence) 
represented by {cm}. 

FIG. 2 is a block diagram of an exemplary cable based 
communications system 100 according to the present inven 
tion. The communications system 100 includes a master 
headend 102, hubs 1041149, nodes l06aid, and a plurality of 
subscribers 108. The subscribers 108 exchange bidirectional 
communications traf?c With a master headend 102 through 
various optical and electrical media. For instance, commu 
nications tra?ic is passed betWeen the master headend 102 
and the hub(s) 104 through optical media, While communi 
cations traf?c is passed betWeen the nodes 106 and the 
subscribers 108 through electrical media. These optical and 
electrical media are described beloW. 

Fiber optic backbone segments l20aic provide an inter 
connection betWeen the master headend 102 and the hubs 
104. As shoWn in FIG. 2, the backbone segments l20aic 
each have exemplary distances of tWenty miles or less. 
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HoWever, distances greater than tWenty miles are Within the 
scope of the present invention. 
The nodes 106 each provide an interface betWeen optical 

communications media and electrical communications 
media. As shoWn in FIG. 2 the ?ber optic lines 122 establish 
connections betWeen the hubs 104 and the nodes 106. For 
example, the ?ber optic line 122d connects the hub 10419 and 
the node 106d. Also, the nodes 106 are each coupled to one 
or more coaxial cables 124. The coaxial cables 124, in 
conjunction With coaxial cables 126, exchange electrical 
signals With the subscribers 108. For example, the coaxial 
cable 124a and the coaxial cable 126d connects the node 
106d With the subscribers 108e and 108]. 

Traf?c in the communications system 100 includes 
upstream traf?c and doWnstream traf?c. DoWnstream traf?c 
is received by the subscribers 108 from system elements, 
such as the master headend 102. In contrast, upstream traf?c 
is originated by the subscribers 108 and directed to system 
elements, such as the master headend 102. 

For the coaxial cables 124, the upstream and doWnstream 
tra?ic are each allocated to a particular frequency band. For 
example, upstream traf?c may be allocated to a 5*42 MHZ 
frequency band, While doWnstream tra?ic may be allocated 
to a 54*860 MHZ frequency band. One or more frequency 
channels exist Within these frequency bands that provide for 
the transmission of signals. These signals are modulated 
according to a digital modulation scheme, such as quadra 
ture amplitude modulation (QAM) or quadrature phase shift 
keying (QPSK). 

Multiple subscribers 108 share the electrical and optical 
communications media of the communications system 100. 
For instance, in the context of the coaxial cables 124 and 
126, the subscribers 108 transmit signals across the same 
frequency channel in the same coaxial cable 124. To accom 
modate such frequency channel sharing, the communica 
tions system 100 employs a multiple access technique, such 
as TDMA for upstream traf?c. 
TDMA is a transmission scheme that alloWs a number of 

subscribers 108 to transmit information across a single 
frequency channel Without interference. This is enabled by 
allocating unique time slots to each subscriber 108. Accord 
ing to TDMA, the subscribers 108 send upstream transmis 
sions across a channel during one or more time slots that 
occur Within a TDMA frame. Various types of time slots 
exist. Three examples are reservation slots, contention slots, 
and maintenance slots. 
The present invention provides a receiver having on 

board spectral analysis capabilities that may be synchro 
niZed to one or more particular upstream transmissions. 
Accordingly, the receiver may be included in the commu 
nications system 100 elements, such as the nodes 106, the 
hubs 104 and/or the master headend 102. The receiver may 
be implemented on a chip. 

Embodiments of the present invention employ techniques 
that digitally compute spectral information corresponding to 
one or more transmissions. For example, the present inven 
tion may employ Fast Fourier Transforms (FFT), ?lter 
banks, such as quadrature mirror ?lter banks and Wavelet 
?lter banks, and any other spectral analysis techniques that 
are apparent to persons skilled in the relevant art. 
An embodiment of the present invention further provides 

an on-chip spectral analysis capability that is traditionally 
performed by general-purpose processors, rather than by 
receivers such as TDMA burst receivers. This on-chip 
capability advantageously provides for the performance of 
sophisticated spectrum management functions in a practical 
and economical manner. For instance, the present invention 
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eliminates the need for external spectrum computation 
equipment. Furthermore, the present invention does not 
require special software to be Written to compute the spec 
trum. 

This spectral analysis may indicate the spectral shape of 
transmitted signals, including Whether they meet any speci 
?ed transmit spectral mask(s). In addition, this analysis 
reveals the presence of interfering signals, the background 
noise ?oor (including its level and shape), and the presence 
of partial spectral nulls in the upstream transmission signals. 
Such nulls indicate re?ections (echoes) in the upstream path. 
When operating in a TDMA environment, this spectral 

analysis (e.g., performing an EFT) may be synchronized to 
one or more TDMA slots. This permits the analysis of the 
spectrum of a single user transmission, and/or a class of user 
transmissions (e.g., for each type of TDMA slot). As a result, 
this spectrum analysis yields channel quality information 
that can be used to ef?ciently manage the usage of TDMA, 
FDMA, and TDMA/FDMA systems. 

This channel quality information may include spectral 
measurements arranged in a plurality of bins that each 
correspond to a respective frequency range. These bins are 
each computed from the same block of transmission signal 
samples. Thus, the present invention eliminates the afore 
mentioned confusion generated by sWept spectrum analyZ 
ers, since no sWeeping occurs. 

One embodiment of the present invention provides an 
on-chip FFT computation capability integrated into a hea 
dend burst receiver chip. FIG. 3 further illustrates the 
con?guration of the master head end 102 of one embodiment 
of the present invention. As illustrated in FIG. 3, analog 
inputs 220 are received by a burst receiver 202. The burst 
receiver 202 communicates With a MAC controller 206. 

The MAC controller 206 communicates over the Ethernet 
234 With a Routing/Classi?cation Engine 233, Which in turn 
is connected to a Wide Area Network 244 (WAN). The MAC 
controller 206 utiliZes upstream SDRAM 236 for keys in 
reassembly, and further utiliZes upstream SDRAM 235 for 
PHS output queues. 

The MAC controller 206 is connected to a PCI bus 249, 
and through the PCI bus 249 to a System CPU 246 and a 
System Memory 247. The MAC controller 206 is further 
connected to a doWnstream SDRAM 248. Data ?oWs 
through the doWnstream modulator 231, and is then output 
as doWnstream analog transmission 232. 

FIG. 4 is a block diagram illustrating the spectrum man 
agement architecture of the present invention. This archi 
tecture includes the upstream burst receiver 202, a spectrum 
management/allocation module 204, the upstream media 
access controller (MAC) 206, and a management informa 
tion base (MIB) 208. 

The upstream burst receiver 202 receives an upstream 
transmission 220 from a shared communications medium 
210, Which may be one of several types of communications 
media, for example, a coaxial cable, a ?ber optic transmis 
sion medium, a satellite communication system, or a Wire 
less medium that conveys Wireless radio frequency (RF) 
signals. 
The upstream transmission 220 is a burst transmission 

(also referred to herein as a packet) that is transmitted by a 
user, such as the subscriber 108 (see FIG. 2). The upstream 
burst receiver 202 acquires the timing of packet 220 and 
decodes it according to an error correction coding scheme 
(e.g., Reed Solomon), and obtains the payload (i.e., user 
data) from each packet 220. An example of a packet Wave 
form is illustrated in FIG. 5. 
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The upstream burst receiver 202 passes some of the 

recovered information to the MAC controller 206. For 
example, some burst transmissions from users are requests 
for bandWidth allocation. The MAC controller 206 receives 
such requests and, in response, allocates upstream commu 
nications capacity to satisfy such requests. In addition, the 
upstream burst receiver 202 transfers tra?ic performance 
statistics to the MAC controller 206. Examples of these 
statistics include packet error rates (PER) and signal to noise 
(SNR) ratios. 
The spectrum management/allocation module 204 

receives information from the upstream burst receiver 202, 
the MAC controller 206 and the MIB 208. From this 
information, the spectrum management/allocation module 
204 generates upstream channel frequency assignments, 
Which are sent to the upstream burst receiver 202. These 
assignments instruct the upstream burst receiver 202 to 
operate Within certain portions of the upstream RF spectrum. 
In addition, the spectrum management/allocation module 
204 generates an upstream channel allocation message that 
is sent to the subscribers 108. This message directs the 
subscribers 108 to operate Within certain portions of the RF 
spectrum. 
The spectrum management/allocation module 204 

receives a channel quality message 226 from the MAC 
controller 206. This message includes information such as 
packet error rates (PER), and packet SNR. 
The spectrum management/allocation module 204 

receives an EFT message 222 from the upstream burst 
receiver 202. In addition, the spectrum management/alloca 
tion module 204 receives a channel SNR (channel noise 
poWer) message 224 from the upstream burst receiver 202. 
The spectrum management/allocation module 204 

receives a spectrum availability message 230 from the MIB 
208. The spectrum management/allocation module 204 pro 
cesses these received messages and, in response, generates 
a spectrum allocation plan. The spectrum allocation plan 
designates Which portions of the spectrum are used by Which 
subscriber to transfer information across the shared com 
munications medium 210. In addition, this plan speci?es the 
characteristics of individual signals transmitted across these 
spectral portions. For example, the plan may specify trans 
mit poWers, data rates, and spacing betWeen frequency 
channels in an FDMA environment. 
As further shoWn in FIG. 6, the embodiment includes an 

advanced dual-channel cable netWork receiver Which 
accepts upstream burst data in a frequency-agile, time 
division multiple access (TDMA) scheme (only one channel 
is shoWn in the ?gure for clarity). The architecture of the 
burst receiver 202 in an embodiment includes an FFT 
processor 250. The burst receiver 202 further includes an 
analog front end (AFE) 251 (including a multiplexer), Which 
forWards the received data into a digital complex mixer 252 
IP. The burst receiver 202 can decode signal formats from 
BPSK up to 256-QAM. 
The analog front-end (AFE) 251, a QAM demodulator 

257 and an FEC (forWard error correction) decoder 263 are 
integrated for each channel. The AFE 251 performs A-to-D 
conversion on either an IF input, an RF input, or baseband 
I/Q inputs. A multiplexing logic may be also included to 
share the same ADC output betWeen tWo receive channels or 
to receive digital samples from an external ADC. The 
multiplexing logic can receive external ADC outputs at 
much higher sampling rates to perform direct RF sampling. 
The multiplexing logic alloWs the receiving tWo frequency 
channels from the same cable netWork, or process inputs 
from tWo separate cable netWorks. 












